Supplementary Figure 3 (Related to Figure 3). Kainate receptor expression in interneurons remains in Neto knockout mice.
(A) Representative single trial qPCR amplification plots for mRNA species coding for Grik1 and Cnr1 from wildtype and Neto null hippocampi as indicated. Relative fluorescence intensities (ΔRn) are plotted against PCR cycle numbers. (B-C) Group data plots summarizing the abundance of Grik1 (B) and Cnr1 (C) mRNA (relative to GADPH) in hippocampi from wildtype and Neto null mice. A total of 3 independent experiments using RNA from 3 independent litters of each genotype were performed and analyzed. (D-M) Additional representative sample images illustrating Grik2/3 staining in wildtype (D-H) and Neto1KO (I-M) hippocampal tissue as indicated. Arrows highlight putative interneurons (in some cases stained for SOM, D,I, or βGal in KO tissue, J-K) with Grik2/3 signal decorating soma and proximal dendritic segments. (B) Upper plot shows power density spectra from representative recordings of kainate-evoked gamma oscillations in wildtype (black), Neto1KO (green), and Neto2KO mice (blue). The lower plot provides the group data summary for integrated power observed in the gamma frequency band (20-60 Hz) in recordings from wildtype (4 mice, 6 slices), Neto1KO (6 mice, 11 slices), and Neto2KO mice (5 mice, 8 slices; *p<0.01). Immunohistochemistry. In preparation for light microscopy, rodents (P21-103) were deeply anesthetized and perfused with 4% PFA in 0.12 phosphate buffer through the ascending aorta. Brains were postfixed for 1 h, cryopreserved in 30% sucrose, sectioned at 30 µm, and processed for immunohistochemistry according to Wyeth et al, 2010 . Free-floating sections were rinsed in 0.1 M Tris-buffered saline, blocked for 1-3 h in 10% normal goat serum with 0.3-1% Triton X-100, incubated in primary antibody for 3 nights at room temperature. Sections were then rinsed and incubated in secondary solution containing 488-, 555-, or 633-conjugated Alexa Fluor dyes (1:500 or 1:1000, Molecular Probes) for 4 h before being rinsed, mounted on slides and cover-slipped.
SUPPLEMENTAL METHODS

Antibodies
In situ hybridization. Fluorescent in situ hybridization was conducted according to RNAscope instructions for the HybEZ Hybridization System as reported in (Pelkey et al., 2015) . Juvenile mice (P21-P35) were deeply anesthetized with isofluorane, their brains flash frozen in liquid nitrogen and sectioned (10 µm) onto slides stored at -80˚C. For hybridization, sections were fixed in 4% PFA for 15 min at 4˚C, dehydrated in an ascending ethanol series, pretreated with a protease using a kit for fresh frozen tissue (Advanced Cell Diagnostics Inc., No. 320842) and processed using the Fluorescent Multiplex Kit (Advanced Cell Diagnostics Inc., No. 320850) for probe hybridization, amplification and triple fluorescent labeling (with dyes that excite at 488, 550, 647 nm). Probes were commissioned from RNAscope for the interneuron markers Som, Cnr1 and Pvalb (pseudocolored red for clarity), the auxiliary subunits Neto1 and Neto2, and the kainate receptor subunits Grik1, Grik2, and Grik5 (pseudocolored green). Sections were cover-slipped for examination on a Zeiss LSM710 confocal microscope. Tissue was triple fluorescent labeled with dyes that excite at 488, 550, and 647 nm, then double-labeled pairs were pseudocolored red & green for clarity.
Real Time RT-PCR.
Hippocampi from P30 wildtype and Neto null mice were isolated. Total RNA was prepared using PureLink RNA Mini Kit (ThermoFisher Scientific). cDNA was generated using a SuperScript VILO cDNA Synthesis Kit (ThermoFisher Scientific). Yield was estimated using both spectrophotometry as single strand DNA and agarose gel electrophoresis in comparison to DNA standards. Quantitative PCR was carried out using a QuantStudio 3 Real-Time PCR Systems (ThermoFisher Scientific). Comparative CT experiments were designed and setup using QuantStudio Design and Analysis software from ThermoFisher Scientific. For each 20 µl reaction, 50 ng of cDNAs from wildtype and Neto null hippocampi were used. Grik1 and Cnr1 were targeted using TaqMan Probes FAM-Grik1 (Mm00446882-M1, ThermoFisher Scientific) and FAM-Cn1r (Mm01212171-s1, ThermoFisher Scientific) respectively. VIC-Gapdh (Mm9999915, Applied Biosystems) was used as an endogenous control. Realtime PCR was run under the thermal profile: 50°C, 2 min; 95°C, 10 min; 40 cycles of (95°C, 15 s; 60°C, 1 min). 3 independent real-time PCR experiments were performed using RNA prepared from independent mouse brains from independent litters. In each PCR, 3 replicates were run for each sample/target. PCR analysis was performed using the QuantStudio Design and Analysis software (ThermoFisher Scientific). Cycle threshold (CT) for each targeted gene was determined relative to the CT of the endogenous control gene gapdh to obtain ΔCT values. The relative abundance of a targeted gene within the sample in relation to gapdh was then calculated as 2 ΔCT .
Slice electrophysiology. Hippocampal slices were prepared from juvenile mice (P14-P24) as in (Wyeth et al., 2014) .
Mice were anesthetized with isofluorane and the brain dissected into solution containing modified articificial cerebrospinal fluid (ACSF, see below) with 0.5 mM CaCl2 and 4.5 mM MgCl2 or alternately composed of: 135 mM NMDG, 10 mM D-glucose, 1.5 mM MgCl2, 0.5 mM CaCl2, 1 mM KCl, 1.2 mM KH2PO4 and 20 mM choline bicarbonate saturated with 95% O2+5% CO2 (pH 7.4 295-310 mOsm). Transverse sections (300 µm) were made on a VT-1000S vibratome (Leica Microsystems), and the sections transferred into ACSF containing: 130 mM NaCl, 3.5 mM KCl, 24 mM NaHCO3, 1.25 mM NaH2PO4-H2O, 10 mM glucose, 2.5 mM CaCl2 and 1.5 mM MgCl2 saturated with 95% O2+5% CO2 (pH 7.4 300-310 mOsm). Slices were allowed to recover in ACSF at 33˚C for 30 min, then stored at room temperature until transferred to a recording chamber perfused at 3 ml/min at 30-32˚C. For recordings examining kainate-induced currents in interneurons and recruitment of spontaneous inhibitory events (sIPSCs) in pyramids at depolarized membrane potentials (10 mV) electrodes were typically filled with intracellular solution (ICS) containing: 95 mM Cs-gluconate, 5 mM CsCl, 0.6 mM EGTA, 5 mM MgCl2, 4 mM NaCl, 2 mM Na2ATP, 0.3 mM NaGTP, 40 mM HEPES, 1 mM QX-314, 10 mM BAPTA and 0.5% biocytin (pH 7.3, 290-300 mOsm) for voltage clamp experiments. However, in some recordings examining kainate-induced currents in interneurons, particularly for PV interneuron recordings, the ICS was composed of: 130 mM K-gluconate, 10 mM HEPES, 0.6 mM EGTA, 2 mM MgCl2, 2 mM Na2ATP, 0.3 mM NaGTP and 0.5% biocytin so that firing properties could be Cells were visualized using a 40x objective and IR-DIC video microscopy (Zeiss Axioskop 2 FS Plus) and whole-cell recordings were made using a Multiclamp 700A amplifier (Molecular Devices, Sunnyvale, CA). CCK/CB1-CA1 pyramidal cell unitary IPSC (uIPSC) paired recordings were performed as previously described (Daw et al., 2010; Vargish et al., 2016) . Briefly, presynaptic interneurons were recorded with electrodes (3-5 MΩ) filled with ICS containing: 1) 130 mM KCl, 8.5 mM NaCl, 4 mM MgATP, 0.3 mM Na GTP, 5 mM HEPES, 0.5 mM EGTA and 0.5% biocytin (pH 7.3, 290-300 mOsm); or 2) the K-gluconate ICS described above.
Postysnaptic pyramidal cells were recorded with electrodes filled with the CsCl ICS described above. Asynchronous release was measured by deconvolution analysis as previously described (Daw et al. 2009 ).
Briefly, an artificial miniature IPSC (mIPSC) was created using the rise time and decay kinetics (measured by single exponential fit) of a single unitary response and scaled to 20pA. The postsynaptic trains were smoothed using 50
repetitions of binomial (Gaussian) smoothing. Fast fourier transforms (FFT) were then performed on the mIPSC and smoothed postsynaptic waveform. The FFT of the mIPSC was then divided, point-by-point, into the FFT of the postsynaptic waveform. The result of this division was then converted back into the time domain by inverse FFT, creating a release rate histogram (Diamond and Jahr, 1995) . For a 50 Hz train, synchronous release was defined as the area under the curve (AUC) of the release rate histogram in the 5ms bin immediately following the onset of the presynaptic current step, while asynchronous release was defined as the AUC in the 15ms bin prior to the start of the next presynaptic current step. Synchronicity ratios (SRs) were then calculated as synchronous release/asynchronous release for each presynaptic current step. Anatomical Reconstructions. After biocytin filling during whole cell recordings, slices were fixed with 4% paraformaldehyde and stored at 4°C then permeabilized with 0.3 % Triton X-100 and incubated with Alexa Fluor 488 or Alexa Fluor 555-conjugated streptavidin. Resectioned slices were mounted on gelatin-coated slides using
Mowiol mounting medium. Cells were visualized using epifluorescence microscopy (Olympus AX70) and images for representative examples were obtained with a Leica TCS SP2 RS Confocal Microcope and reconstructed using the Simple Neurite Tracer plugin for ImageJ.
Gamma Oscillations. Juvenile mice (P14-21) were anesthetized with isoflurane, decapitated, and the brain was sectioned in a modified ACSF containing 80 mM NaCl, 24 mM NaHCO3, 25 mM Glucose, 1.25 mM NaH2PO4, 1 mM Ascorbic acid, 3 mM Na Pyruvate, 2.5 mM KCl, 4 mM MgCl2, 0.5 mM CaCl2, and 75 mM Sucrose.
Horizontal sections of the ventral hippocampi (300 μm) were prepared with a VT-1000S vibrotome (Leica microsystems). Immediately after slicing, sections were transferred to a pre-warmed (30-32 °C) interface-style
